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Previous  reports  from  this  laboratory  on  the  hemacytological 
constitution of the rabbit have been limited to observations on male 
animals.  These studies have now been extended to normal females 
and to females presenting various defects referable to constitutional 
(hereditary) or environmental influences.  It  is  the purpose  of the 
present paper to present one aspect of these studies; namely, a compar- 
ison of the blood cytology of normal male and female litter mates. 
These comparisons were made in order to determine whether there 
were statistically significant differences between values obtained for 
any of the  blood  cells of the  two  sexes.  Furthermore,  correlation 
coefficients were calculated with  the purpose  of disclosing to  what 
extent  a  knowledge of  the  blood  cytology of  a  buck  was relevant 
information concerning the blood cytology of a litter mate sister. 
Material and Methods 
Observations were made on the blood cytology of 41  pairs of normal rabbits, 
each pair consisting of a  buck and a  doe of the same litter; an analysis of these 
observations forms the basis of the present report. 
Animal Materiat.--All animals were bred and raised in this laboratory, and 
all were bred in pure line from standard stock with the exception of three pairs 
of Rexes.  These were obtained by a  back-cross mating of an F1 Rex to a  pure 
line Rex parent and were of normal Rex type.  The breeds and the number of 
animals in each breed were as follows: Havana 7; Dutch and Rex 6; Himalayan 
and Beveren 4; English, Chinchilla, and Belgian 3; Polish and Silver 2; Tan  1. 
All the rabbits were virgin stock and gave no evidence of disease as determined by 
careful clinical examination.  The age ranged from a minimum of 16.0 weeks to a 
maximum of 37.8 weeks, with a mean value of 26.0 4- 0.59 weeks. 
Housing and Feeding.--The buck and doe comprising a  pair were weaned at 
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the same time and housed in separate cages in well ventilated rooms receiving sun- 
light.  The uniform diet fed to all animals consisted of a commercial food supple- 
mented with hay, oats, and a free supply of water. 
Blood Ezaminatiom.--The  technique  of  the  blood  examinations  was,  with 
minor modifications, that employed in this laboratory for several years.  Total 
red cell and white cell counts were made with automatic, standardized pipettes, 
the hemoglobin estimations were made with a Newcomer hemoglobinometer, and 
platelet counts were determined by the method of Casey and Helmer (1).  Two 
white blood pipettes were employed at each bleeding.  For the differential white 
cell examinations the supravital, neutral red technique was followed and 300 cells 
were counted at each determination.  When two observers examined the smears, 
each counted 150 cells on two different preparations, and when three individuals 
conducted the examinations, two counted 100 cells on two different smears and the 
third counted 50 cells on each of the same two preparations.  All of the total 
white and red cell counts and the hemoglobin determinations were made by a single 
individual.  Three complete blood examinations were conducted on each animal, 
and with five exceptions these were made on three successive mornings; for the 
five pairs of animals, the spread of the three examinations was over a period of 5 
days.  Twenty-two pairs were counted from October 14 to November 5,  1932, 
and the remaining nineteen pairs were examined during the period from October 3 
to October 26, 1933.  All the bleedings took place in the morning, and whenever 
a  buck was bled, its litter mate sister was bled, either immediately before or im- 
mediately after, the interval between the withdrawal of blood from the buck and 
its sister in no case exceeding 10 minutes. 
Analysis of MateriaL--Mean blood cell values were calculated for each animal 
by averaging all the counts on the particular animal.  From these mean values 
the mean and standard error of the mean were determined for each blood con- 
stituent for the 41 males and the 41 females.  Since the purpose of these observa- 
tions was to compare the blood cytology of litter mates of different sexes, the 
difference between the values for each pair of animals was determined for each 
of  the  fourteen blood constituents  under  consideration.  The  mean  difference 
(M~) was obtained for each blood factor by the formula 22d and the standard error 
f~ 
of the mean difference from the formula 
¢ 
~(d) ~  --  ~dMd 
n(n-  1)  ' 
d representing the difference between the numerical observations on any pair of 
animals.  This method of deriving the standard error of the difference eliminates 
the variation due to breed; that breed exerts a considerable influence on the blood 
cytology has  already been shown  (2).  A  mean  difference was  considered sig- 
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the probability of such a difference occurring by chance is 1 or less than 1 in 100 
(P = 0.01 or 0.01 -).  Simple  zero order correlations (rl~), and first order partial 
correlations eliminating age (r12.3), were then calculated by the usual statistical 
procedures.  For determlnlug  the significance of these  correlation  coefficients, 
the formula 
f, 
t = %/i -  r: ~x/'~':--  2 
was  used.  Published  tables  (3)  are  available  for  translating  various  levels 
of t  into  terms  of  probability.  When  the  probability of  a  correlation  coeffi- 
cient occurring by chance was 1 or less than  1 in  100  (P  --  0.01  or 0.01 -),  the 
correlation was taken to be significant; when the probability of chance influence 
was between 1 and 5 in 100  (P  -- 0.01+  to 0.05), the result was interpreted as 
probably significant.  A last calculation involved the determination of regression 
equations.  In each case the equation represents the regression of the male on the 
female value. 
RESULTS 
The mean blood cell level of each of the 82 animals under considera- 
tion is shown in Table I.  The mean values for the male and female 
groups, together with the mean difference for e~ch factor, are presented 
in Table II.  Table III gives the zero order and first order correlations 
between the blood cell values of the litter mate pairs,  and Table IV 
presents regression equations for each cell element.  The correlation 
coefficients of Table III are presented graphically in Text-fig. 1. 
It  is seen  from  Table  II  that  with  the  exception  of the  red  cell 
count and hemoglobin content, no significant differences were observed 
between the  two groups.  The  red  cell count for males  was higher 
than that for females by a mean difference of 300,000 =t= 83,600.  This 
difference is significant since it is 3.6 times its standard  error.  The 
hemoglobin value for the male group was higher than that observed 
in the female group by a mean difference of 5.0 =t= 0.97 per cent, which 
is 5.2 times its standard error, a significant value. 
The  simple zero order correlations  between the blood cells of the 
bucks  and  their  sisters  (Table  III,  Text-fig.  1)  show  a  significant 
positive  relationship  with  respect to  the  following  cells:  Red  blood 
cell  count,  white blood cell count,  hemoglobin  content,  neutrophils 
and lymphocytes in absolute and relative numbers, and basophils and 
monocytes in  per  cent.  No  significant  correlations  were  observed 690  HEMACYTOLOGICAL  CONSTITUTION  OF  THE  RABBIT 
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The Blood Cytology of Virgin Male and Female Litter Mate 
No.  Breed*  L  ~toe.r  Age 
R  H  W  P  N  N% 
~( 't  }0 percent ~er cent 
71.6  65.8 
77.3  66.4 
72.9  72.2 
74.5  69.0 
57.3  60.4 
69.3  64.3 
74.5  74.8 
61.1  61.2 
80.4  74.5 
78.3  64.2 
77.1  74.5 
69.8  63.5 
67.1  70.7 
61.7  60.1 
93.8  88.1 
88.5  74.1 
83.7  76.6 
81.1  78.3 
86.1  72.4 
74.9  74.6 
89.9  70.1 
80.5  74.1 
68.8  57.5 
57.3  59.4 
56.8  57.8 
66.3  68.7 
74.5  61.5 
68.3  63.8 
63.6  61.2 
69.1  64.8 
72.5  60.6 
76.7  59.2 
67.7  61.5 
70.1  58.1 
66.2  64.1 
71.6  71.9 
77.7  69.7 
77.4  76.0 
53.2  54.9 
49.1  57.0 
76.3  71.3 
52.3  49.2 
47.2  48.6 
49.{]  51.9 
44.{]  52.9 
62.2  55.1 
70.8  54.2 
45.7  63.0 
54.7  43.1 
46.0  36.1 
34.8  61.8 
37.2  38.2 
39.9  54.0 
46.1  52.7 
48.4  50.9 
49.7  43.7 
49.0  37.5 
45.1  36.4 
39.9  56.0 
30.7  31.5 
57.5  50.4 
44.8  49.3 
31.1  39.7 
63.4  61.9 
39.5  56.9 
38.4  56.0 
55.3  40.5 
30.9  45.2 
29.6  34.1 
37.3  48.5 
31.9  37.1 
36.8  40.1 
42.0  31.4 
31.9  46.1 
44.8  49.3 
57.3  47.5 
36.1  42.6 
52.1  47.7 
56.4  42.3 
61.5  49.0 
51.8  53.0 
43.5  46.1 
* HA  =  Havana; D  =  Dutch; R  =  Rex; H  =  Himalayan; BA  =  Beveren; C  =  Chinchilla; B P.  D.  ROSAHN~  L.  PEARCE~  AND  C.  K.  HU 
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Rabbits.  Mean Values for Male and Female Individuals 
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B 
o  ~  9 
+0  +0 
34  45 
85  53 
52  52 
45  46 
17  28 
6  50 
32  37 
26  33 
45  32 
37  18 
24  53 
24  21 
22  16 
51  21 
16  92 
B%  E  E%  L 
C  ~  o  ~  9  C  9  C  9 
+0  +0  +0  +0 
4.1  5.2  9  8  1.1  0.9  256  277 
9.8  7.2  5  5  0.6  0.7  243  258 
7.6  8.1  7  4  1.0  1.2  192  189 
7.7  5.0  3  9  0.6  1.0  243  311 
2.6  6.3  4  10  0.6  2.1  162  121 
0.9  7.9  6  9  0.9  1.5  157  150 
4.0  4.9  12  13  1.4  1.9  318  174 
3.1  3.9  8  26  0.9  3.0  25.5  368 
5.9  4.4  15  18  2.0  2.6  309  358 
5.7  2.2  25  15  3.8  1.9  328  219 
3.2  6.9  18  16  2.3  2.0  389  378 
5.1  4.2  11  9  2.2  1.8  222  150 
3.9  2.5  13  6  2.2  0.9  240  257 
6.3  2.8  6  16  0.8  2.1  260  277 
2.3  12.6  6  20  0.9  2.6  267  245 
64  71  12.5  11.9  3  10  0.5  1.7  158  240 
42  93  5.0  11.2  8  12  1.0  1.4  368  241 
26  27  3.5  3.9  3  5  0.4  0.8  397  235 
28  17  3.2  2.6  5  8  0.5  1.2  468  375 
16  43  2,2  6.8  7  9  0.9  1.6  209  209 
38  38  6.7  7.0  6  7  1.0  1.3  226  168 
69  44  10.6  6.4  15  12  2.5  1.6  285  272 
29  33  5.8  6.0  4  2  0.9  0.4  118  136 
80  38  11.6  6.7  22  2  3.2  0.4  249  176 
70  46  8.9  7.5  43  7  5.2  1.1  326  184 
16  70  1.8  9.0  6  39  0.7  4.8  283  282 
44  48  5.4  5.7  3  6  0.3  0.8  429  329 
31  34  2.8  3.3  14  17  1.2  1.7  662  587 
65  48  5.0  4.6  48  31  3.7  2.9  594  417 
25  59  2.9  7.2  15  19  1.8  2.2  492  418 
55  20  7.4  3.9  15  13  2.1  2.5  322  247 
85  86  12.4  13.7  15  25  2.1  4.0  260  290 
22  91 
7o 
53 
33  45 
39  29 
12  26 
26  48 
18  32 
30  87 
5.3  14.7  8  31  2.0  5.0  209  160 
7.1  8.0  17  8  2.8  1.0  227  242 
6.0  6.9  5  4  0.8  0.6  179  265 
5.9  6.0  3  15  0.4  2.0  273  271 
4.9  2.9  6  13  0.8  1.3  269  435 
1.9  3.4  4  5  0.6  0.7  226  369 
3.0  5.1  5  19  0.7  2.1  156  329 
2.9  3.4  4  10  0.7  1.1  180  240 
4.5  9.7  10  31  1.6  3.6  296  300 
L%  I~  M% 
o  ~  ~  o  ~  ~  o  ~ 
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between the platelet values,  the  absolute  number of basophils  and 
monocytes,  and  the  absolute  and  relative  number  of  eosinophils. 
With only one exception the significance of these correlations was not 
altered when first order partial  correlations were calculated holding 
age constant.  Eliminating the factor of age reduced the correlation 
TABLE  III 
Zero and First Order Coe~cients of Correlation between Blood Cell Values of 41 Male 
and Female Litter Mate Rabbits 
R 
W 
P 
H% 
N 
B 
E 
L 
NI 
N% 
~% 
v.% 
L% 
M% 
Zero order coefficient  of correlation 
r15 
+0.635 
+0.56O 
+0.149 
+0. 712 
+0.306 
+0.119 
+0.211 
+0.693 
+0.233 
+0.316 
+0.305 
+0.132 
+0.461 
+0.409 
qrn 
0.094 
0.109 
0.123 
0.080 
0.143 
0.156 
0.151 
0.082 
0.150 
0.142 
0.143 
0.155 
0.125 
0.132 
t  P 
5.13  0.01-- 
4.28  0.01-- 
0.09 
6.33  0.01-- 
2.00  0.05 
0.75  -- 
1.35 
6.00  0.01-- 
1.49 
2.08  0.05-- 
2.00  0.05 
0.83 
3,24  0.01-- 
2.80  0.01-- 
First order coefficient  of correlation-- 
Age constant 
r12.8 
+0. 684 
+0.547 
+0.156 
+0. 712 
+0. 244 
+0.149 
+0. 250 
+0.699 
+0. 256 
+0.333 
+0.313 
+0.132 
+0.459 
+0.395 
arl2.s 
0.085 
0.112 
0.156 
0.079 
0.151 
0.157 
0.150 
0.082 
0.150 
0.142 
0.14~ 
0.157 
0.126 
0.135 
5.78 
4.03 
1.03 
6.25 
1.55 
0.93 
1.59 
6.02 
1.63 
2.18 
2.03 
0.82 
3.18 
2.65 
P 
0.01- 
0.01- 
0.01-- 
0.01-- 
0.04 
0.05-- 
0.01- 
0.01- 
R  =  total red cell count; W  =  total white cell count; P  =  platelet count; H  = 
hemoglobin content; N  =  absolute neutrophil count; B  =  absolute basophil count; 
E  =  absolute eosinophil count; L  =  absolute lymphocyte count; M  =  absolute 
monocyte count;  N  %  =  relative neutrophil  count;  B  %  =  relative basophil 
count; E  %  =  relative eosinophil count; L %  =  relative lymphocyte count; M  % 
=  relative monocyte count. 
coefficient for neutrophils per cubic millimeter from a probably signifi- 
cant value to one of no statistical significance. 
DISCUSSION 
The experiments were planned with the purpose of eliminating so 
far as possible those variables which could be controlled.  Thus the 
buck and doe comprising a  pair were weaned at the same time and 694  ]:I:EM.ACYTOLOGICAL  CONSTITUTION  O~'  TItE  RABBIT 
placed  in  separate  cages  where  they  were  fed  a  similar  diet.  All 
hematological procedures were carried out at the same time and under 
the  same  conditions, so that  the  technical error was presumed  to  be 
uniform.  Moreover,  time  of  the  day  and  season  were  constant 
factors since all counts  were  conducted  in  the morning  during the  1 
month  period from  October  3  to  November  5  of  2  years.  It  would 
TABLE  IV 
Linear Regression Equations Calculated  from the Blood Cytology of Virgin Male and 
Female Litter Mate Rabbits 
R 
W 
P 
H% 
N 
B 
E 
L 
M 
N% 
B% 
E% 
L% 
M% 
M  =  2,052,000 +  0.672 F 
=  2,626 +  0.622 F 
M  =  493,100  +  0.217 F 
M  ---  10.6 +  0.916 F 
M  =  2,092  +0.339F 
M  ----  0.111  F  --  5 
M  =  8 +  0.234 F 
M  =  592 -Jr 0.834 F 
M  =  466 +  0.241 F 
M  =  27.5 +  0.382  F 
M  =  3.5 +  0.289 F 
M  =  0.131  F  -- 0.9 
M  -  19.5 +  0.540 F 
M  -----  4.9 +  0.422  F 
M  =  estimated male value. 
F  =  female value. 
R  =  total red cell count; W  =  total white cell count; P  =  platelet count; H  --- 
hemoglobin content; N  =  absolute neutrophil count; B  =  absolute basophil count; 
E  =  absolute eosinophil count; L  =  absolute lymphocyte count; M  =  absolute 
monocyte count;  N  %  =  relative neutrophil count;  B  %  =  relative basophil 
count; E  %  =  relative eosinophil count; L %  =  relative lymphocyte count; M % 
=  relative monoeyte count. 
seem, therefore, that unless an unknown  factor or factors were operat- 
ing, the higher red cell and hemoglobin values in the male group were 
due  to constitutional differences between the  sexes.  With  regard to 
man  there  is convincing  evidence  that  these  two  blood constituents 
are higher in the male than in the female, but so far as we know it has 
not  yet  been  definitely shown  that  these  differences  are  not  due  to 
environmental  factors.  It  will be recalled that  although  all animals 
included in  the  experiment  were  virgin  stock,  the  mean  age  of  26.0 +0.80 
+0.10 
+0,60 
+0.,50 
+0.40 
+0.~ 
+0.20 
* 0.10 
0 
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TExT-FIG.  1.  Coefficients  of correlation between the blood cell values of male 
and female rabbits.  The upper figure gives the simple zero order coefficients and 
the lower figure, partial coefficients  with age eliminated.  The horizontal lines 
show the levels of significance (P  =  0.01)  and probable significance (P  =  0.05). 
R  =totM red cell count; W  -- total white ceil count; P  =  platelet count; H  = 
hemoglobin  content; N  =  absolute neutrophil  count; B  = absolute basophil count; 
E  =  absolute eosinophil count; L  =  absolute lymphocyte count; M  -  absolute 
monocyte count; N  %  =  relative neutrophil count; B  %  =  relative basophil 
count; E  %  =  relative eosinophil count; L  %  --  relative lymphocyte count; 
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weeks  represents  a  sexually  mature  animal.  What  effect  various 
physiological  states  such  as  pregnancy,  parturition,  and lactation 
might have on the blood cytology of the rabbit are subjects which we 
plan to investigate. 
It should be pointed out that the observations herein reported were 
made on animals of various breeds.  Since wide differences were noted 
between the mean blood cell levels of different breeds (2), it would be 
expected that the variance in an array of numerical values would be 
smaller when they represented animals of the same breed than when 
they represented different breeds.  Thus the  standard error of the 
mean values in Table II is probably larger than would be expected 
were  the  observations  based  on  animals  of  identical  breed.  The 
method  of  analysis  employed herein,  that  is,  obtaining  the mean 
difference between the pairs of values and the standard error of the 
mean  difference, reduces the  variation  due to  breed  and  tends  to 
bring out the significance of smaller differences. 
With the exceptions noted, the blood cell levels of bucks and sister 
does were similar.  This method of analysis, however, gave no sugges- 
tion as to whether values for litter mate bucks and does ran parallel 
to each other.  Although the mean difference between two groups 
might be statistically insignificant, individual values for a pair might 
be totally dissimilar.  Correlation coefficients and regression equations 
(Tables III and 1V, Text-fig.  1) were, therefore, calculated in order 
to determine to what extent a knowledge of the blood cytology of one 
sex  was  relevant  information concerning the  blood  cytology of  a 
litter mate of the opposite sex.  The significant correlations indicate 
that with respect to the red cell count, white cell count, hemoglobin 
in  per  cent,  lymphocytes in  absolute  and  relative  numbers,  and 
neutrophils, basophils, and monocytes in per cent, when high values 
are obtained for a buck, the expectation is that high values will also 
be found in its litter mate sister.  Similarly, low values for the buck 
would be paralleled by low values for its sister.  The extent to which 
age influences these findings is negligible since the elimination of age 
did not appreciably affect these relationships.  It is of interest to note 
that  all of the fourteen correlation coefficients are positive in  sign, 
and that their summation by the method of transformed correlations 
yields a significant positive result (r,y --  4-0.3908, P  -- 0.01 -). P.  D.  I~0SAHN,  L.  PEARCE,  AND  C.  K.  HU  697 
The question arises whether these correlations measure the effect 
of environmental or hereditary factors, or a combination of both.  The 
experiments were not planned to elucidate this problem, and it shall, 
therefore, not be discussed in detail here.  Attention, however, should 
be directed to the fact that a series of studies in this laboratory on the 
blood cytology Of the male rabbit have been directed to this end (2). 
Employing the method of analysis of variance, significant differences 
between breeds were found for the following cell constituents: red 
blood cell, total white cell, and platelet counts, hemoglobin in per cent, 
basophils, eosinophils, and lymphocytes in both absolute and relative 
numbers, and neutrophils in per cent.  It was concluded that these 
differences in the blood formula of normal rabbits were largely inher- 
ited.  By the method of linear correlations employed in the present 
analysis, the following seven of these eleven blood factors gave signifi- 
cant correlations between the sexes: red and white cell counts, hemo- 
globin in per cent, lymphocytes in both absolute and relative numbers, 
and neutrophils and basophils in per cent.  By the analysis of variance 
utilized in the former study, three blood factors, namely monocytes 
in absolute and relative numbers and neutrophils in absolute numbers, 
failed to show significant differences between breeds.  In the present 
investigation two of these three factors, neutrophils and monocytes in 
absolute numbers, were not significantly correlated.  Moreover, the 
most striking variations between breeds lay in the values for the red 
blood cell count, hemoglobin, lymphocytes, and basophils.  In the 
present study, three of these four factors, red blood cell count, hemo- 
globin,  and  lymphocytes,  gave  the  highest  correlations  obtained. 
The  failure  to  obtain  complete  correspondence  between  the  two 
methods of analysis, by variance employed in the  previous  study, 
and by linear correlations employed in the present investigation, was 
probably  due to  differences in breed and especially to  the  smaller 
statistical sample represented by the male and female groups.  The 
evidence, however, is sufficiently striking to conclude that the correla- 
tions obtained were largely measures of hereditary rather than envi- 
ronmental factors, and that the female rabbit as well as the male may 
be utilized in studying the mechanism of such inheritance. 
It is of interest to note that the blood constituents which gave the 
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hemoglobin,  and  lymphocytes, were  found  to  be  among  the  most 
reliable indices of the natural resistance of normal male animals to 
inoculation  with  a  transplantable  tumor  (4)  and  to  Tr.  pallidum 
infection (5).  It would appear, therefore, that the same constituents 
should furnish dependable information concerning the  natural  resis- 
tance of the female rabbit to these two diseases. 
SUMMARY 
I.  The blood cytology of 41 pairs of virgin rabbits was studied, each 
pair consisting of a buck and a litter mate sister.  A comparison of the 
values for each blood factor of the two groups was made by obtaining 
the mean difference and the standard error of the mean difference. 
In addition,  correlation coefficients, both zero order and first order 
eliminating  age,  and  regression equations  were calculated for  each 
of the blood cell elements of the bucks and does. 
2.  It was found that the male values for both the red cell count and 
the hemoglobin content were higher than the corresponding female 
values,  and  these  differences were  of  statistical  significance.  No 
differences were observed between the  two  groups  with  respect  to 
other cells.  Significant positive correlations were obtained between 
the  two  sexes for  the following blood  constituents:  Red blood  cell 
count, white blood cell count, hemoglobin content, lymphocytes in 
both absolute and relative numbers, and neutrophils, basophils,  and 
monocytes in relative numbers. 
3.  Since all known variables had been held constant, it was con- 
cluded that the higher red cell count and hemoglobin value for the 
male group were the results of constitutional differences between the 
sexes.  Moreover,  the  significant  correlations  between  the  blood 
cells  of male  and  female litter  mates  were  ascribed  to  hereditary 
influences, and thus the female as well as the male rabbit is available 
for studies on the mechanism involved in the inheritance of the blood 
formula.  In addition, since high correlations were obtained for cells 
which have been found to be the most reliable indices of the natural 
immunity of the male host to subsequent inoculation with tumor or 
syphilis,  it  was  concluded that  these  cells  should  give  dependable 
information concerning the natural resistance of the female host to 
these two diseases. P. D. ROSAHN,  L. PEARCE~  AND  C. K. HU  699 
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